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under all conditions of weather and water, for a period 
of five weeks cover in all more than 50,000 separate 
range readings. No such exhaustive' trials have ever 
before been undertaken in any service, and the results, 
as shown in the report referred to, are exceedingly 
gratifying, the Lewis depression finder being adopted 
as the standard for the Coast Artillery Service on the 
grounds of accuracy, simplicity of construction, ease 
of adjustment and operation, superiority of telescope, 
stability and permanency of adjustment, and adap
tability to change of height. The results of obser
vation, according to this report, show an average error 
of all ranges on this instrument of 24.4 yards as 
against 35.1; 38.9, and 55.8 yards for the three other 
competing instruments. The accompanying ,photo
graph shows the new model iastrument completely 
assembled ready for use. It consists of a 500-
pound cast-iron pedestal supporting a brass 20-
inch table and all moving parts. The masonry or 
concrete foundation pier, 3 feet in diameter, is 
sufficient to hold the instrument accurately in 
azimuth adjustment. The range scale reads from 
1,500 to 12,000 yards, and it is properly co'rrected 
for effects of earth curvature and normal at
mospheric refraction, while an easily-applied 
thumb screw connection is provided to compen
sate for effects of abnormal refraction. 

.. ... . 

Structure oC Hailstones. 
BY CLEVELAND ABBE. 

There are three plausible hypotheses as to the 
origin of the snowy ice at the center of a hail
stone. 

(a) The hailstone may have begun with the for
mation of a ball of snow, and the clear ice may be 
a deposit of cold water, frozen a few seconds later 
by the cold of the surrounding atmosphere. In this 
case the air that is mixed wi th the snowy ice at 
the center would be compressed by the freezing of 
the surrounding clear ice, and would be liberated 
as a bubble when the hailstone is melted under 
water. 

(b) The nucleus of the hailstone may have been 
at first a large drop of water, containing dissolved 
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THE ANNULAR ECJ,IPSE OF THE SUN IN 

JUNE,1908. 
BY PROF. FREDEB�C R. HONEY, TRINITY COLLEGE. 

During the year 1908 there are three solar eclipses. 
The first occurred on January 3, and was described by 
the writer in an article in the SCIENTIFIC AMERICAN for 
December 28, 1907. This eclipse was total, but the 
path of totality was wholly confined to the Pacific 
Ocean; and as a partial eclipse, it was visible from a 
very limited land area. 

The accompanying figures illustrate the second 
eclipse; which will occur on June 28. During the inter
val of nearly six months, the earth will reach a point 
in its orbit- nearly opposite that of January 3. Fig. 1 
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:IS air, which is forced out by the process of freezing, 
precisely like the bubbles of air that are seen in 
cakes of artificial ice. Cold water can dissolve 
an appreciable percentage of its volume of air, all 
of which is extruded when water freezes; a bubble 
of highly compressed air might thus 'be formed at 
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the center of the hailstone. If such a hailstone be 
melted in cold water slowly, all of this air will be 
redissolved, and no bubble will be seen to rise to 
the surface. If the stone be dissolved in hot water 
rapidly, or especially if the stone be crushed for
cibly and quickly under water, the air may escape 
as a bubble without having had time to be re
dissolved. 

(c) A hailstone formed of pure water that has 
had no opportunity to absorb or d.issolve air can 
be reduced to a temperature far below freezing, 
but will eventually suddenly turn to ice, at which 
moment its temperature will rise to 32 deg. F., 
and it will assume a crystalline structure, so as to 
resemble snow. Such a hailstone has, therefore, 
a snowy nucleus without any inclosed air, and on 
being melted under water will, of course, show no 
bubble. In fact, the central space is occupied, not 
by air, but by the vapor of water only, and as the 
pressure is very small, we may liken. this to par
tial' vacuum. 

All these three forms of hailstones, and other 
forms as yet unthought of, are possible; and if we 
could, invent methods of distinguishing between 
these three kinds of hailstones, we should have a 
better kno"'ledge of what goes on in the upper air 
durIng the formation of hail. 

Those who have proper conveniences will find 
that the study of hailstones under polarized light 
gives additional information as to their crystalline 
structure, but has not as yet told us much about 
the process of formation. 

As ice is a poor conductor of heat, it is worth 
while to make some effort to determine ,the tem
perature ()f' the interIor of a large hailstone. The 
external surface may safely be assumed to have 
the temperature of evaporatlon;!Or the' average wet
buib temperature prevailing in, th� lower thousand 
feet of air through which the haiL h,asrapidly fallen, 
but the center must be at a tempera,tllre more nearly 
corresponding to that at which tlie 3lucleuS,was formed. 
There is, therefore, a ,state of str�in that should be re
vealed by pOlariz.ei:I·light. The average temperature of 
the whole haj,lstone may be easily and directly deter
mined by "allowing lJ.ail to melt within a calorimeter, 
where the heat consumed can be determined, and then 
the temperature be computed.-Monthly Review. 
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In Denmark only the inter-provincial, thelnter-com
IDunal and the international telephones are worked by 
the state, while the local telephones are worked by 
private limited companies, under concessions. 
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PATH OF" THE ANNULA'ttECL-IPSE. 

is- a plot of the "moon's orbit for the month of June, 
and may be compared with that of January. The orbit 
is here turned half way around, and presents a view 
looked at from a direction opposite to that of Janu
ary 3. At the time of the ecli"pse of. January 3 the 
moon Wfl.�, very near the descending node N'. On June 
28 she will be near the ascending node N. As already 
explained, this page may be assumed to represent tlie 
plane of the ecliptic or the plaIie of the earth's" orbit, 
which for convenience may be regarded as horizontal. 
That part of the moon's orbit for the first half of- the 
month (represented by a full line) may be regarded 
as above the plane of the ecliptic; and the other half 
as below that plane. The position of the moon is 
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shown for each day of the month from the 1st to the 
28th at Greenwich noon; and the position of the moon's 
center is also repeated on the 14th, at the time of full 
moon nearly two hours later (14d. 1h. 55.2m.). The 
position of the moon is shown on the' 28th at Green
wich noon, and also at the time of the central eclipse 
at noon (28d. 4h. 30. 7m.). The direction in which the 
sun is seen is shown at intervals Of seven days; on the 
7th at noon; on the 14th at the time of full moon; on 
the 21st at noon; and on the 28th at the time of the 
eclipse. The positions of tlJ.e sun and moon are here 
shown by their longitudes. As seen from the earth, 
they appear to move in the direction of the arrows 
A. and a. If more than one eclipse occurs during an 

eclipse season, the interval between the eclipses is 
about two weeks, I.e., the time occupied by the 
moon in traversing about one-half of her orbit. 
On the 14th, the date of full moon, when an eclipse 
might be looked for, the moon will be too far 
above the plane of the eCliptic to come within the 
earth's shadow.' (Fig. 2.) 

Fig. 3 represents the earth projected on a plane 
which is parallel to its axis, and perpendicular to 
the plane of the' ecliptic. The meridians of Green
Wich and those which are 90 deg. E. and W. are 
shown. The equator, the tropics, the polar circles, 
the parallel of Greenwich, and of 31 deg. 27.3 min. 
N. are also shown. The latter in longitudec66 deg . 
55.3 min. W. is the position of an observer marked 
0, to whom the central eclipse will be visible at 
noon. In 'the figure the position of Greenwich 
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(marked G) and of the point 0 are situated on 
the invisible hemisphere. The arrow indicates the 
direction in which the observer is looking. Since 
the sun is nearly four hundred times the distance 
between the earth and the moon, a line drawn'to 
its center from the point 0 in the drawing, is 
nearly parallel to the plane of the ecliptic; ,and its 
distance from that plane does not differ very 'much 
from the distance between the moon's center and 
the plane of the ecliptic. Attention is called to 
the difference in the position of the observer dur
big this eclipse from that occupied by him in the 
eclipse of January 3. In Jahuary the observer" 
was south of the equator, and looking toward the 
right from Fig. 3. In June the line of 
vision will be in the opposite direction from a 
point north' of the 'equator. In both cases the ob
server's }}osition is above the plane of the ecliptic. 

The moon at the time of the eclipse will be very 
near apogee, and will therefore subtend an angle 
which is a little in excess of the minimum angle 
subtended this year. Owing to the earth's near
ness to aphelion, the sun will sub tend an angle 
which also differs very little from the minimum. 
But the apparent diameter of the moon will be leSS 
than that of the sun. The moon's disk at the time 
of the eclipse will subtend an angle of 29 min. 58 
sec.; and that of the sun, an angle of 31 min. 
31.4 sec. The result will be a narrow annular area 
of the sun's disk around the dark body of the 
moon, as shown_ in Fig. 4. 

Fig. 5 is a map o f  a portion of the earth's sur
face. The heavy line shows the path of the annu
lar eclipse, in which is situated the point 0 corre
sponding to the position shown in Fig. 3, The 
dotted line incloses the land area from which a 
partial eclipse will be visible; the remaining area 
is limited to the Pacific Ocean. 

The maximum width of the ring of light sur
rounding the moon in an annular eclipse, would 
evidently occur if the mOQn were at apogee and 
the earth at peri helion at the same time. The 
moon would subtend a minimum, and the sun a 
maximum angle. The maximum apparent diame
ter of the sun is 32 min. 35.7 sec.;, and the mini
mum diameter of the moon this year is 29 min. 
26.4 sec. If an annular eclipse occurred under 
these conditions, the width of the ring surround
ing the moon's disk would be twice as great as 
that shown in Fig. 4. If Fig. 4 is held at a: dis
tance from the eye equal to one hlllldred and nine 
times the apparent diameter of the sun, here repre
sented, ,it will subtend the same angle as that sub� 
tended by the sun at the time of the eclipse. " A 
circle one hich iIi 'diameter placed 'at a distance 
ofnfne feet ( " 108 inches) from the observer, sub
tends an angle which is eqUal to that subtended 

by the'sun on' April 26, when the apparent diameter' is 
a little greater than that at the date of the eClip'se. 

.. I.,-e: 

The Biirsen Courier, Berlin; learns that the' German 
Admiralty is planning the erection of a new shipyard 
for repairs in connection with the projected drydocks 
at BrunsbUttel,' on the Kiel Canal. The new yard 
will- be emplpyed only in case of need for the construe, 
ti6nof "small auxiliary' vessels, its usefulness other
wise bliling restricted to dock traffic. Above all, the 
Admiralty wisQes to have a body of trained workmen 
at tlie mouth of the canal, and to be sure of being 
able at any time to effect repairs at the exit of the 
canal at Holtenau. 
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